1. Background {#sec1-ijms-21-04829}
=============

The immune system (IS) is a host's defense system that is associated with many biological structures, such as organs, cells, proteins and processes that protect the body against diseases. Vertebrates have two types of IS: innate and adaptive. The innate immune system is activated first and it is considered a sophisticated system that senses danger signs, including pathogenic microbes or host-derived signals of cellular stress. Furthermore, it initiates the inflammatory response by secreting cytokines and chemokines, which play a very important role in protecting the body against pathogens and damaged cells \[[@B1-ijms-21-04829],[@B2-ijms-21-04829]\].

The innate immune system is not specific to a particular pathogen; it senses evolutionary conserved structures on it, which are known as pathogen-associated molecular patterns (PAMPs). It also senses damage-associated molecular patterns (DAMPs), which are a set of host-derived molecules that signal cellular stress, damage and death. These structures are identified via sensor receptors called pattern recognition receptors (PRRs), which are expressed by cells at the front line of defense against infection. These cells can be hematopoietic or non-hematopoietic and include dendritic cells, macrophages and epithelial cells. Because PAMPs are broadly expressed in pathogens but not in host cells, PRRs discriminate between self and non-self \[[@B3-ijms-21-04829],[@B4-ijms-21-04829]\].

A few families of PRRs exist to respond to pathogens and harmful particles and they can be divided into two groups based on their cellular location, where they can be transmembrane receptors and those located in intracellular compartments, or into six groups based on common structures and functional domains ([Figure 1](#ijms-21-04829-f001){ref-type="fig"}). Firstly, transmembrane PRRs scan the extracellular space and endosomal compartments and include the families of toll-like receptors (TLRs) and c-type lectin receptors (CLRs). Secondly, intracellular PRRs include the nucleotide-binding-and-oligomerization-domain (NOD)-like receptors (NLRs), absent-in-melanoma (AIM)-like receptors (ALRs), retinoic acid inducible gene-I (RIG1)-like receptors (RLRs) and olygoadenylate synthetase-like receptors (OLRs) \[[@B1-ijms-21-04829],[@B2-ijms-21-04829],[@B5-ijms-21-04829],[@B6-ijms-21-04829]\]. Due to the quantity and location of PRRs, which bind a diverse array of targets including polysaccharides, lipoproteins, nucleic acid, carbohydrates and conserved microbial proteins, our bodies are well-protected against many dangers \[[@B5-ijms-21-04829]\].

The adaptive immune system defense is antigen specific and generates memory that enhances the immune response to a consecutive infection with the same antigen. These more sophisticated mechanisms are activated by the innate IS and both work together to eliminate the pathogens. Adaptive immunity is carried out by lymphocytes B and T (white cells), which execute antibody responses and cell-mediated immune responses, respectively. Antibodies are secreted through the body and inactivate the pathogens by binding to them, which also makes the pathogens visible so that they can be destroyed by phagocytic cells. On the other hand, T-cells are involved in the recognition of infected cells and they eliminate them \[[@B7-ijms-21-04829]\].

2. Inflammasomes {#sec2-ijms-21-04829}
================

Many of the PRRs initiate inflammatory signaling; the signal transduction depends on the nature of the responding cells and the pathogen and, commonly, it includes the activation of NF~Ϗ~β and AP-1 transcription factors that drive the production of pro-inflammatory cytokines and chemokines. There are specific types of PRRs that oligomerize when they sense danger, such as the NLR family, AIM-2 and RIG-1 receptors, and these are called inflammasomes. They are defined as an intracellular multi-protein complex composed of a sensor receptor (PRR), an adaptor protein, and an effector enzyme (caspase-1). After the activation of caspase-1, the processing and maturation of pro-inflammatory cytokines (IL-1β and IL-18) takes place. This protects the body against danger via cytokine secretion; otherwise, the initiation of an inflammatory programmed cell death called pyroptosis can occur \[[@B2-ijms-21-04829],[@B8-ijms-21-04829]\].

The NLR family consists of 22 genes, all of which are characterized by the presence of central nucleotide-binding and oligomerization domain (NATCH), responsible for the ATP-dependent oligomerization of the inflammasome. The domain is unique and common to all NLR family members. At the carboxyl terminus, there are leucine-rich repeats (LRRs) responsible for detecting the ligands (PAMPs and DAMPs), while at the N-terminus, there are caspase recruitment (CARD) or pyrin (PYR) domains, which through protein--protein interaction are both responsible for the pro-caspase-1 cleavage and therefore the secretion of pro-inflammatory cytokines. One of these protein interactions is with an adaptor protein: apoptosis-associated speck-like protein (ASC), which has a caspase-activating recruitment domain, provoking the cleavage of pro-caspase-1. Within the NLR members, NLRP3 is the most well-known and studied inflammasome and has been linked to many diseases: metabolic disorders such as type 2 diabetes \[[@B9-ijms-21-04829]\], obesity, gout \[[@B10-ijms-21-04829]\] and atherosclerosis \[[@B11-ijms-21-04829],[@B12-ijms-21-04829],[@B13-ijms-21-04829],[@B14-ijms-21-04829]\]; diseases affecting the central nervous system such as Alzheimer´s \[[@B15-ijms-21-04829],[@B16-ijms-21-04829]\] and Parkinson´s \[[@B17-ijms-21-04829]\], cancer \[[@B18-ijms-21-04829]\] and inflammatory diseases \[[@B19-ijms-21-04829],[@B20-ijms-21-04829],[@B21-ijms-21-04829]\].

Meanwhile, the inflammasomes NLRP1, NLRC3, NLRC4, NALP10 and NLRP6 are involved in the inflammatory process and thus are implicated in many diseases and pathological states \[[@B1-ijms-21-04829],[@B4-ijms-21-04829]\]. All of them are activated by different ligands: NLRP3 can be activated by a huge range of DAMPs, such as cholesterol crystals, ATP, ROS, hyaluronan, monosodium urate, low intracellular K^+^, aluminum hydroxide, amyloid polypeptide and high intracellular glucose, as well as PAMPs such as microbial components. NLRP1 is activated by anthrax (a lethal toxin) and NLRC4 by the flagellin of several bacteria \[[@B22-ijms-21-04829]\].

In addition to the NLR family, AIM2 ([Figure 1](#ijms-21-04829-f001){ref-type="fig"}) is another well-known inflammasome and it is composed of a HIN-200 domain that senses bacterial and viral cytosolic-double stranded DNA (dsDNA) and a PYR domain, which makes an association with ASC in order to recruit pro-caspase-1 and start the inflammatory cascade \[[@B22-ijms-21-04829]\].

3. Mechanisms of NLRP3 Activation {#sec3-ijms-21-04829}
=================================

The mechanisms of NLRP3 activation ([Figure 2](#ijms-21-04829-f002){ref-type="fig"}) comprise two steps conducted by two activating signals. The first signal, also known as priming, is responsible for the activation of the NF~Ϗ~β pathway. It activates the transcriptional factor NF~Ϗ~β, which goes inside the nucleus and transcripts the pro-IL-1β and pro-IL-18 by binding itself to the DNA, as well as the production of mRNA of inactive NLRP3. Its signals are mediated by microbial ligands and endogenous cytokines that bind to the TLR and TNFR receptor, respectively.

The second signal is made by the ligands (PAMPS or DAMPs) that trigger NLRP3 and they are sensed by the LRR domain. In addition, NLRP3 senses Reactive Oxygen Species (ROS), which are mostly produced and activated by the inflammasomes activators. Then, the NATCH domain makes conformational changes in order to assemble the inflammasome structure and the recruitments of ASC and pro-caspase-1. Next, the proteolytic cleavage of the pro-caspase-1 converts the pro-IL-1β and pro-IL-18 into active cytokines that are secreted to the extracellular space and the inflammation cascade is initiated, which can lead to inflammation or pyroptosis. The protein that regulates thioredoxin (TRX) is thioredoxin-interacting protein (TXNIP) and it is an upstream NLRP3 activator. In high levels of ROS, TXNIP dissociates from TRX and binds and activates the NRLP3 inflammasome, which promotes IL-1β maturation and secretion \[[@B23-ijms-21-04829]\].

4. Nutraceutical Compounds {#sec4-ijms-21-04829}
==========================

Currently, more people are worried about their lifestyles and nutritional habits, because of the huge number of diseases that appear to be linked to the food we eat, such as type 2 diabetes, atherosclerosis, obesity, liver, kidney, bones diseases and cancer \[[@B24-ijms-21-04829]\]. In addition, consumers are unhappy with the high prices of disease treatments, so searching for natural medicines to avoid an illness and/or to cure a disease is essential.

Food contains a huge variety of bioactive compounds with healthy benefits that help us protect ourselves from illnesses, and thus offer us an easy way to improve our quality of life, such as carotenoids, essential oils, vitamins, etc. Among their beneficial functions are anti-aging properties and protection against type 2 diabetes, cancer, cardiovascular and neurodegenerative diseases. Nowadays, there is growing evidence of health improvement by consuming these compounds with anti-inflammatory, antioxidant, antihypertensive and lipid-lowering properties \[[@B25-ijms-21-04829],[@B26-ijms-21-04829]\]. However, their stability and therefore their properties may be lost during digestion and absorption in the body. Hence, these compounds are studied in order to become stabilized and increase their bioavailability \[[@B27-ijms-21-04829]\].

Nutraceutical is a hybrid term between "nutrition" and "pharmacological" that was formulated to refer to a wide range of bioactive compounds contained in food. They can be organized by their food source, such as dietary fiber, probiotics, prebiotics, polyunsaturated fatty acids, antioxidants, vitamins, polyphenols and spices. There is a clear difference between functional food and nutraceuticals. Functional food items not only supply us with basic nutritional properties, they also contain an extensive array of phytochemicals and biologically active components with physiological benefits that potentially improve health, reducing the risk of suffering from diseases. Nonetheless, nutraceuticals are considered a concentrated form of the bioactive compounds found in foods that are presented in non-food matrices such as pills, extracts, powders and tablets \[[@B28-ijms-21-04829]\].

The most important and abundant phytochemical compounds in the human diet are polyphenols, whose structure is composed by one or more benzene rings joined to hydroxyl groups, which confers them with their antioxidant capacity. In addition, polyphenols are classified in different subclasses, such as flavonoids (the widest group), phenolic acids, phenolic alcohols, stilbenes and lignans. [Figure 3](#ijms-21-04829-f003){ref-type="fig"} displays some of the most studied nutraceuticals, which are polyphenols.

With this background, here we present a review about the relationship between different common diseases, such as cardiovascular and neurological diseases, type 2 diabetes and cancer, which are associated with high levels of inflammation, with the activation of inflammasomes (essentially NLRP3) and the subsequent use of several nutraceutical compounds to target them.

5. Nutraceutical Compounds, the NLRP3 Inflammasome and Cardiovascular Diseases {#sec5-ijms-21-04829}
==============================================================================

Inflammasomes occupy a central role in the development of cardiovascular diseases (CVDs), as they are involved in the development of arteriosclerotic problems \[[@B29-ijms-21-04829]\]. CVDs are strongly associated with glucose metabolism disorders including type 2 diabetes. It is documented that two thirds of diabetic patients die from cardiovascular disease, in which endothelial senescence is its early manifestation. For this reason, anti-senescence drugs can be used to treat diabetes complications and age-related vascular diseases. Although many stimuli can promote cellular senescence, all of them induce inflammation and thus, the intake of flavonoids \[[@B30-ijms-21-04829]\], alkaloids \[[@B31-ijms-21-04829]\], iridoids \[[@B32-ijms-21-04829]\], and polyunsaturated fatty acids (PUFAs) \[[@B33-ijms-21-04829]\], could interfere with the activation of the NLRP3 inflammasome.

After the endothelial senescence, NLRP3 is activated by many types of stimuli, in this case by intracellular cholesterol crystals. The latter are one of the main inductors of ROS productions, which are ligands for the activation of NLRP3. This causes endothelial senescence and therefore endothelial dysfunction, which initiates vascular injury. Once the downstream effectors of the NLRP3 pathway are active, the release of active cytokines such as IL-1β and IL-8 takes place. These cytokines are correlated with severe coronary artery disease. Furthermore, the NLRP3 inflammasome is upregulated after myocardial infarction \[[@B34-ijms-21-04829],[@B35-ijms-21-04829]\]. Therefore, finding new molecules with higher potency and lower toxicity to modulate the inflammasome is a very important goal nowadays, because these types of illnesses are closely linked to unhealthy lifestyles \[[@B36-ijms-21-04829]\]. [Table 1](#ijms-21-04829-t001){ref-type="table"} shows a list of nutraceutical compounds targeting inflammasomes in cardiovascular diseases.

Apigenin is a dietary flavonoid (4´,5,7, trihydroxyflavone) abundantly present in common fruits and vegetables, for instance oranges, grapefruits, parsley, onions, chamomile, wheat sprouts and some seasonings. It has anti-inflammatory activities as well as chemo-preventive ones. It has been reported that it protects endothelial cells from LPS-induced inflammation, but the mechanisms underlying its functions were unknown. Scientists have elucidated that apigenin inhibited inflammatory response by several mechanisms that all work together. Apigenin partially inhibits NLRP3 inflammasome by interrupting the Syk/Pyk2 pathway, as well as inhibiting NLRP3 and AIM2 inflammasome activation, but not NLRC4 \[[@B36-ijms-21-04829]\]. Apigenin is implicated in the modulation of the inflammasome assembly by reducing the stability of the mRNA of pro-inflammatory cytokines and inhibiting ERK1/2 and NF~Ϗ~β activation in macrophages. In reference to the NLRP3 inflammasome, apigenin inhibits the oligomerization of ASC and interferes with its assembly in the cytoplasm, so that it cannot be fully activated. As a result, caspase-1 is not activated and no pro-inflammatory cytokines are released. Undoubtedly, targeting NLRP3 inflammasome represents an important therapeutic goal in terms of inflammatory diseases \[[@B36-ijms-21-04829]\].

Parthenolide is a plant sesquiterpene lactone derived from a medicinal plant (feverfew), which is a small natural molecule that has been used as a herbal remedy for the treatment of many inflammatory diseases, for example arthritis, psoriasis and atherosclerosis \[[@B37-ijms-21-04829],[@B38-ijms-21-04829],[@B39-ijms-21-04829]\]. Parthenolide is an inhibitor of the NF~Ϗ~β pathway that is initiated by the activation of TLRs, which is necessary for the induction of NLRP3 protein but not for its activation. However, its inhibitory properties are independent of the effects of NF~Ϗ~β activation. It is reported to be a NLRP3 pathway inhibitor at multiple levels; it inhibits the activation of caspase-1 by suppressing its catalytic activity through the direct alkylation critical cysteines of the p20 subunit and thus the activation of pro-inflammatory cytokines such as IL-1β cannot happen. The oligomerization and recruitment of ASC is crucial for NLRP3 activation and these are carried out by the NLRP3 ATP-asa activity in its NATCH domain. Partenolide inhibits the inflammasome by the inhibition of the ATP-asa activity and blocks the ASC recruitments. Therefore, the NLRP3 oligomerization, activation and the subsequent downstream events cannot occur. Parthenolide inhibits multiple components of the inflammasome pathways and previous studies revealed that it is a potent inhibitor of multiple inflammasomes, including NALP1 and NLRC4. A study where cells are exposed to the ligands that activate these inflammasomes (anthrax and salmonella, respectively) shows the capacity of parthenolide on this inhibition, not just the NLRP3 inflammasome \[[@B40-ijms-21-04829]\].

Iridoids are secondary metabolites present in various plants, especially in species belonging to the *Apocynaceae, Lamiaceae, Loganiaceae, Rubiaceae, Scrophulariaceae* and *Verbenaceae* families. They involve a large family of bicyclic monoterpenes that have a large spectrum of pharmacological properties; they are anti-inflammatory, cardio-protective, anticancer, neuroprotective, hypoglycaemic and some have antioxidant properties \[[@B32-ijms-21-04829],[@B62-ijms-21-04829]\]. Iridoids' chemical structure consists of a six-membered ring with oxygen bound to a cyclopentane ring. They are classified in four groups: iridoid glycosides, non-glycosylated, secoiridoids (mostly glycosides) and bisiridoids. Scropolosise B and catalpol are iridoid glycosides isolated from the plants *Scrophularia dentata* Royle ex Benth. and *Rehmannia glutinosa* (Gaertn.) Libosch. ex Fisch. & C.A. Mey, respectively. In contrast to catalpol, Scropoloside B blocks the increase in IL-1β and TNFα levels and this is possible thanks to its capacity to suppress NF~Ϗ~β. Previous studies found that both inhibit the expression of NLRP3 mRNA and protein, due to their catalpol structure. It has been reported that Scropoloside B has a higher anti-inflammatory activity than catalpol, because of Scropoloside B's greater capacity to block the increase in TNF-α and IL-1β in THP1 cells after being induced by LPS, with a 3-fold-increase. This may be explained by the fact that it contains the structure of catalpol and two phenylpropanoids. Due to its blocking of IL-1β, it could be an important treatment for diseases with high grades of inflammation, such as ischemic injury, atherosclerosis and type 2 diabetes \[[@B32-ijms-21-04829]\]. On the other hand, genipin, an aglycone derived from iridoid glycoside geniposide and the main component of *Gardenia jasminoides* J.Ellis fruits, has been reported to have anti-inflammatory properties used to treat hypertension, diabetes and icteric hepatitis. It has been demonstrated that genipin suppresses the activation of NLRP3 and NLRC4 inflammasomes in vitro and in vivo, with the subsequent reduction in IL-1β, caspase-1 and ASC protein levels \[[@B43-ijms-21-04829],[@B62-ijms-21-04829]\].

Gypenoside is a triterpenoid saponin (the mayor component of the *Gynostemma pentaphylla* (Thunb.) Makino), which has been reported to have anti-hypertensive, anti-hyperlipidemia, anti-hyperglycaemia, anti-aging and anti-inflammatory properties. In a high glucose stimulation model, which induces cardiomyocyte damage, researchers found a NLRP3 inflammasome ROS-dependent activation and its subsequent inhibition by the use of gypenoside. The use of this saponin has been proposed in order to treat myocardial damage due to its ability to inhibit NLRP3 inflammasome, and thus to release Il-1β and Il-18 in cardiomyocytes and in a mice model suffering from diabetes cardiomyopathy \[[@B44-ijms-21-04829]\].

One of the most common pathogens causing heart failure is coxsackievirus B3, which is associated with acute myocarditis progression \[[@B63-ijms-21-04829],[@B64-ijms-21-04829]\]. Researchers have reported high levels of inflammatory response as the main mechanism for cardiac injury \[[@B65-ijms-21-04829]\]. Another iridoid glycoside, named morroniside, is one of the components of *Cornus officinalis* Siebold & Zucc. and was tested in myocardial injured-rats. Morroniside inhibited the NLRP3 inflammasome and downregulated the gene of ASC, caspase-3, IL-1 β and IL-18 \[[@B45-ijms-21-04829]\]. Cornel iridoid glycoside, obtained from *Cornus officinalis* Siebold & Zucc., has beneficial actions in atherosclerosis, which may be a predisposing factor for suffering from an ischemic stroke. Its ability to inhibit IL-1, IL-6, TNF-α and prostaglandin E2 (in plasma) and NF~Ϗ~β \[[@B66-ijms-21-04829],[@B67-ijms-21-04829]\] has been reported.

Korean red ginseng is one of the most commonly studied herbal medicines used around the world due to all its health properties. It is isolated from the roots of *Panax ginseng* C.A.Mey. and contains a large range of active components including saponins like ginsenoids and non-saponins like polysaccharides, peptides, fatty acids and mineral oils. The main active component of Korean red ginseng water extracts (RGE) is ginsenoids and these are widely used because of their anti-inflammatory properties, making them a remedy for many diseases such as cancer and cardiovascular and metabolic diseases \[[@B41-ijms-21-04829]\]. It has been reported that ginsenoids from RGE are potent inhibitors of NLRP3 and AIM2 inflammasomes, but the key inhibitors are Rh1 and Rg3 ginsenoids. NLRP3 activation could be assessed by an elevation of ROS and intracellular Ca^+2^ and ginsenoids reverse this elevation, thus inhibiting NLR3 activation. Ginsenoids have an inhibitory effect on the ASC pyroptosome formation, meaning they impair the activation of AIM2's ASC by dsDNA. Rg3 and Rh1 have anti-inflammatory properties. It has been reported that Rg3 alleviates obesity and myocardial injury in rodents and, moreover, Rh1 has been studied as an anti-carcinogenic agent \[[@B41-ijms-21-04829]\].

Omega-3 fatty acids (also known as n-3 or ω-3) are polyunsaturated fatty acids (PUFA) that have been demonstrated to have many health benefits. Primarily, ecoisapentaenoic acid (EPA) and docosahexaenoic acid (DHA) can suppress inflammation and have a role to play in oxidative stress and have the ability to improve cellular function by changing gene expression. Consequently, they have beneficial roles in many inflammatory human diseases such as diabetes and arteriosclerosis \[[@B33-ijms-21-04829],[@B68-ijms-21-04829]\]. It has been documented that the intake of these omega-3 fatty acids may decrease the expression of genes involved in inflammatory pathways such as NF~Ϗ~β. Both are associated with a reduced risk of suffering recurrent coronary artery events and sudden cardiac death after an acute myocardial infarction and they are linked with low levels of heart failure events. In addition, omega-3 fatty acids reportedly play a role in atherosclerosis and peripheral arterial disease (PAD). Omega-3 fatty acids can specifically inhibit NLRP3 and NLRP1b inflammasomes and the activation of caspase-1, and therefore inhibit the release of IL-1β \[[@B33-ijms-21-04829]\].

Vascular system diseases are considered to be age-related because of their onset and progression. The process of aging is associated with endothelial dysfunction, impaired angiogenesis, defective vascular repair, arterial stiffening and remodeling, as well as atherosclerosis. All of them are contributors to the development of cardiovascular diseases. Endothelial senescence, which is an important contributor to age-related diseases, is linked to vascular pathologies and it is known to be implicated in the development and progression of CVDs. Cardiac endothelial cells, such as vascular smooth muscle, leukocytes and stem cells, as well as embryonic and hematopoietic cells, play an important role in the maintenance and regeneration of cardiovascular tissue. Therefore, damage to any of these cells may increase the probability of one suffering a cardiovascular disease \[[@B69-ijms-21-04829]\]. The vast majority of human cells replicate themselves continuously and mitotically and when this is paused due to a stress and damage response, these cells enter a state called senescence. The cells suffer many changes in gene expression, morphology and functions, which may cause the progression of atherosclerosis. This process results in a phenotype that is pro-inflammatory, pro-thrombotic and pro-arteriosclerotic, leading to the loss of endothelial integrity, the vasodilatation capacity that leads to plaque formation, thrombosis and atherogenesis.

In this situation, the importance of finding effective methods to suppress endothelial senescence is necessary. A study performed by Sun et al. \[[@B69-ijms-21-04829]\] demonstrated that natural anthocyanins-a food colorant derived from purple sweet potato (PSPC)-inhibited endothelial senescence via NLRP3 inhibition. These compounds have protective, anti-senescence and anti-inflammatory roles. They induce senescence by means of a high glucose treatment, which increases ROS levels and accelerates the accumulation of oxidative stress, which are ligands of NLRP3. Furthermore, the expression of caspase-1 (p. 10) is upregulated and pro-caspase-1 is under-regulated. All these findings suggest that the NLRP3 inflammasome is activated during senescence. However, these flavonoids inhibit NLRP3 and also the downstream reactions, such as the expression of ASC and caspase-1. These findings demonstrate that cyanidin acyl glucosides and peonidinacyl glucosides inhibit senesce by suppressing ROS levels and deactivating the NLRP3 inflammasome \[[@B34-ijms-21-04829],[@B35-ijms-21-04829]\].

Quercetin is one of the most widely known and studied plant flavonoids, fundamentally for its powerful antioxidant capacity and beneficial effects on health. Quercetin is found in many fruits, vegetables, leaves, and grains. The biological effects of quercetin have been widely reported, including its anti-inflammatory, antioxidant and antitumor capacity \[[@B70-ijms-21-04829]\]. The capacity of quercetin to regulate the NLRP3 inflammasome has also been reported, given its capacity to ameliorate kidney inflammation by blocking NLRP3 inflammasome activation and impairing caspase-1 and IL-1β expression \[[@B71-ijms-21-04829]\]. Quercetin also inhibits both the NLRP3 and AIM2 inflammasomes by preventing ASC oligomerization and prevents interleukin-1-mediated mouse vasculitis \[[@B42-ijms-21-04829]\].

Atherosclerosis, a leading cause of vascular disease worldwide, is a chronic and immunoinflammatory disease. A large portion of the population suffers from it, hence it is becoming the leading cause of mortality and morbidity in developed countries \[[@B72-ijms-21-04829]\]. Inflammasome response occurs in the development of atherosclerosis and plays a decisive role in its complications. Curcumin, a natural polyphenolic compound, is the main active ingredient obtained from the roots of *Curcuma longa* L. and it is known for its anti-inflammatory, anti-infection and antioxidant properties \[[@B73-ijms-21-04829]\]. Monocytes are known to be the main factor in the development of this disease, due to their invasion capacity of the atherosclerotic lesion and their following transformation into macrophages. In an in vitro study using PMA-induced macrophages, scientists have demonstrated the inhibitory effect of curcumin against NLRP3 inflammasome, suggesting that curcumin ameliorates the development and progression of atherosclerosis. It has been found that the double downregulation that curcumin exerts on TLR4/MyD88/NF~Ϗ~β signaling and on P2X7R expression leads to the inhibition of the NLRP3 expression and Il-1β and caspase-1 secretion \[[@B50-ijms-21-04829]\].

*Penthorum chinense* Pursh is a traditional Chinese medicine herb whose main components are flavonoids, polyphenols, triterpenoids, lignans and organic acids \[[@B74-ijms-21-04829],[@B75-ijms-21-04829]\]. Since inflammation is associated with atherosclerosis progression and the secretion of IL-1β is a critical factor for its pathogenesis \[[@B76-ijms-21-04829],[@B77-ijms-21-04829]\], the use of the polyphenol thonningianin A (TA) extracted form *P. chinense* was tested in a mouse model of cardiovascular disease, showing a decrease in the NLRP3 and IL-1β expression \[[@B51-ijms-21-04829]\].

Meanwhile, salvianolato, the main water-soluble bioactive compound found in the traditional Chinese herb *Salvia miltiorrhiza* Bunge, reportedly has anti-inflammatory and anti-fibrosis properties, which are linked to NLRP3 inhibition \[[@B78-ijms-21-04829]\]. Nowadays, it has been used as a treatment for coronary heart disease in China \[[@B79-ijms-21-04829]\]. Atrial fibrillation (AF) represents the most common cardiac arrhythmia suffered by millions of people worldwide and its incidence increases in those who also suffer from type 2 diabetes, arterial hypertension, coronary heart disease and heart failure \[[@B80-ijms-21-04829]\]. Since AF is associated with inflammation and fibrosis, the anti-inflammatory and ant-fibrotic effects of salvianolato were tested in myocardial infarction rat models. In vivo studies showed high levels of NLRP3, pro-caspase and caspase-1, IL-1β, IL-18 and TXNIP expression; however, after the salvianolato treatment, there was a reduction in the expression of the aforementioned proteins. Recent studies have shown high levels of pro-inflammatory cytokines and NLRP3 inflammasome in patients suffering from AF, which can be used as a therapeutic approach for improving heart function \[[@B52-ijms-21-04829]\]. On the other hand, tanshinone IIA is one of the main active lipophilic components found in *Salvia miltiorrhiza* Bunge and also has anti-atherosclerotic activity. It suppress NLRP3 inflammasome by inhibiting ROS and the lysosomal enzyme cathepsin B \[[@B55-ijms-21-04829],[@B81-ijms-21-04829]\]. Researchers have determined that a derivate of it, named sodium tanshinone IIA, has anti-inflammatory, anti-antioxidant and cardio-protective effects. It plays a protective role in ischemia-induced myocardial injury by inhibiting the NLRP3 inflammasome through suppressing ROS and TXNIP \[[@B55-ijms-21-04829]\].

*Oenanthe javanica* (Blume) DC. commonly known as water dropwort, is a plant that has been used in traditional Chinese medicine to treat hypertension, abdominal pain, fever, mumps and jaundice \[[@B82-ijms-21-04829]\], and it has been used as an anti-arrhythmic \[[@B83-ijms-21-04829]\] and anti-diabetic drug \[[@B84-ijms-21-04829]\]. Isorhamnetin and hyperoside are two active compounds from *O. javanica* that have been studied as inflammasome inhibitors. Isorhamnetin was found to decrease the secretion of Il-1β, Il-18 and caspase-1 resulting from the activation of NLRP3 and AIM-2 inflammasomes. It also attenuates the expression of NLRP3 and pro-inflammatory genes, whereas hyperoxide also attenuates their secretion resulting from the activation of NLRC4 and AIM-2 inflammasome, but without altering gene expression \[[@B46-ijms-21-04829]\]. Both nutraceuticals have been studied to be used as a pharmacological strategy to treat vascular diseases due to their anticoagulant and profibrinolytic properties \[[@B85-ijms-21-04829]\].

Regarding coronary diseases, the moderate consumption of red wine has been attributed with lower incidences \[[@B86-ijms-21-04829],[@B87-ijms-21-04829]\]. Due to the high levels of polyphenols contained in red wine, especially the antioxidant resveratrol, its use in moderation exerts cardiovascular benefits. Resveratrol has been reported to possess antihypertensive, anti-ischemia, anti-atherosclerotic and anti-heart failure activities, bestowing it with a powerful protective effect on cardiovascular health \[[@B49-ijms-21-04829],[@B88-ijms-21-04829]\]. An in vitro study using resveratrol showed a decrease in IL-1β secretion and ASC and NLRP3 protein expression levels. However, better anti-inflammatory results were observed with the total red wine extracts due to a mixture of polyphenols, which enhance the biological effects more than resveratrol alone. Within these compounds, one can find: phenolic acids, such as gallic acid; stilbenes, such as resveratrol; catechins, such as catechin and epicatechin; and flavanols, such as quercetin \[[@B47-ijms-21-04829]\].

Ilexgenin A is the main triterpenoid found in the leaves of *Ilex hainanensis* Merr. and has been reported to prevent lipid disorders \[[@B89-ijms-21-04829]\]. As an endothelial dysfunction associated with lipids disorders, its beneficial effects in the vascular function have been studied. It was evidenced that ER stress disturbs endothelial homeostasis through TXNIP/NLRP3 induction; ER stress was induced in endothelial cells and then treated with ilexgenin A. It reduced the ROS levels with the subsequent reduction in the TXNIP induction and thus, NLRP3 inhibition. It also reduced the levels of the pro-inflammatory cytokines of Il-1β and IL-6, making the use of ilexgenin A a fantastic approach for ameliorating vascular dysfunction in ER stress conditions \[[@B53-ijms-21-04829]\].

Many other nutraceuticals have been found to possess therapeutic potential in the treatment of cardiovascular diseases by attenuation of the NLRP3 inflammasome, such as luteolin \[[@B57-ijms-21-04829]\] and dihydromyricetin \[[@B56-ijms-21-04829]\] in atherosclerosis; and colchicine \[[@B58-ijms-21-04829]\], triptolide \[[@B59-ijms-21-04829]\], total flavones \[[@B60-ijms-21-04829]\], umbelliferone \[[@B61-ijms-21-04829]\] in ischemic myocardial disease.

6. Nutraceutical Compounds, the NLRP3 Inflammasome and Type 2 Diabetes {#sec6-ijms-21-04829}
======================================================================

Type 2 diabetes, a chronic metabolic disorder, is the leading cause of mortality and morbidity worldwide and its cases are increasing constantly. One of the hallmarks of this disorder is a high inflammation rate and it has been shown that the NLRP3 inflammasome is deeply implicated in the development of insulin resistance in type 2 diabetes. On the other hand, diabetic nephropathy (DN) is a serious complication of diabetes mellitus, where persistent inflammation in circulatory and renal tissues is considered an important pathophysiological basis for the disease. NLRP3 and other inflammasome components are able to detect endogenous danger signals, resulting in the activation of caspase-1 as well as IL-1β, IL-18 and other cytokines, stimulating the inflammatory cascade reaction, which is crucial for DN \[[@B90-ijms-21-04829]\].

Inflammation is the main cause of the development of many diseases, as explained above, and in terms of diabetes it is the main cause of the progression of obesity and insulin resistance. Impaired insulin signaling is the main problem that must be assessed in diabetic patients. It has been discovered that high levels of glucose cause oxidative stress, inflammation and mitochondrial dysfunction, where endoplasmic reticulum (ER) stress may contribute to all these factors, whilst excess fructose consumption causes a high prevalence of metabolic syndrome and inflammatory liver diseases \[[@B91-ijms-21-04829]\]. In a research project, adipocytes and adipose tissue were exposed to high glucose levels in order to increase oxidative and ER stress. The latter initiates an inflammatory cascade where there is an increase in TXNIP expression, and therefore, NLRP3 is activated. NLRP3 activation involves the proteolytic cleavage of pro-caspase-1 and its activation and the production of the pro-inflammatory cytokine IL-1β. High levels of inflammation impair insulin IRS-1/PI3K/AKT/GLUT4 signaling. When adipose tissue is exposed to high glucose levels, IRS-1 is phosphorylated and AKT is dephosphorylated (both of them are inhibited) and thus there is a blockage in the insulin signaling, which leads to insulin resistance. In order to block this excessive inflammation event, the use of the two ginsenoids (outlined below) are used \[[@B92-ijms-21-04829]\].

Ginseng is extracted from the root of *Panax ginseng* C.A.Mey. and has been used as a medicinal herb since ancient times in China, Korea and Japan. *Panax* means "all healing" since it was used as a natural remedy that helps to cure every disorder. Ginsenosides, which are triterpene saponins, are the most abundant component in ginseng and they impart its main pharmacological properties. Rb1 and its sub product, ginsenoside compound K, were tested by Chen et al. \[[@B92-ijms-21-04829]\] in order to decrease the oxidative stress produced by high levels of glucose and inhibit the NLRP3 inflammasome, and thus, increase the sensitivity of insulin in adipose tissue ([Table 2](#ijms-21-04829-t002){ref-type="table"}). The results showed that both ginsenoids attenuated the TXNIP expression and subsequent activation of NLRP3. In that way, the level of IL-1β was decreased and there was an increase in the sensitivity to insulin, as demonstrated by the reduction in IRS-1 phosphorylation, PI3K and AKT activation and then the insulin signaling was restored \[[@B92-ijms-21-04829]\].

Furthermore, resveratrol was able to inhibit the activation of the TXNIP/NLRP3 axis both in adipocyte treated with high levels of glucose and in the adipose tissue of streptozotocin-induced diabetic mice through the suppression of ER stress and the inhibition of ROS-associated mitochondrial fission in an AMPK-dependent way, thus preventing high glucose-induced damage \[[@B97-ijms-21-04829]\]. Similar results were found also for vitamin D3, whereby human retinal microvascular endothelial cells treated with high doses of glucose and in streptozotocin-induced Sprague-Dawley rats inhibited TXNIP/NLRP3 inflammasome pathway activation, thus exerting protective effects against retinal vascular damage and inflammatory-related pathologies, including diabetic retinopathy \[[@B98-ijms-21-04829]\]. Finally, Xu et al. found that mangiferin, a glucosylxanthone that naturally occurs in mango, inhibited the activation of the TXNIP/NLRP3 inflammasome axis pathway, decreasing the expression of cleaved caspase-1 and the secretion of IL-1β secretion through the AMPK-induced suppression of ER stress in perivascular adipose tissue isolated from male Sprague-Dawley rats and from mice fed a high fat diet \[[@B99-ijms-21-04829]\].

Omega-3 fatty acids (ω-3 FAs) have been studied as a nutraceutical remedy to treat inflammation disorders such a type 2 diabetes. The three most important ω-3FAs are α-linoleic acids (ALA), eicosapentanoic acid (EPA) and docosahexanoic acid (DHA), all of which are found in food, whether of vegetal or animal origin. A study conducted by Yiqing Yan et al. showed that ω-3FAs reduce the levels of pro-inflammatory cytokines such as IL-1β and are specific inhibitors of NLRP3 and NLRP1b inflammasomes \[[@B33-ijms-21-04829]\]. By feeding mice a high fat diet, they reported that using DHA meant levels of glucose in plasma decrease, thus it may help to decrease insulin resistance in those mice. Doing the same experiment in NLRP3 KO mice, the beneficial effects of DHA were all abrogated. It is suggested that the way in which DHA brings this about is through the inhibition of NLRP3 \[[@B33-ijms-21-04829]\].

Tocotrienols are natural compounds found in several vegetable oils, barley, wheat germ and some nuts and grains. They are members of the vitamin E family and, like tocopherols, they have antioxidant and anti-cancer activities. However, tocotrienols are unsaturated and possess an isoprenoid side chain, which allows them to penetrate into tissues. There are four types, of which γ-tocotrienol has high antioxidant and anti-inflammatory properties. A study conducted by Ahsan et al. demonstrated the NLRP3 inhibitory activity of tocotrienol in type 2 diabetes mouse models by two approaches: it impairs the NLRP3 priming by inhibiting NF~Ϗ~β and blocks NLRP3 activation. In this context, salvianolic acid A from *Salvia miltiorrhiza* Bunge was also able to alleviate atherosclerosis and type 2 diabetes in male Zucker diabetic rats on high fat diets, by decreasing hemoglobin A1C and C-reactive protein levels, improving lipid profile and aortic tissue condition, through the inhibition of NLRP3 inflammasome and NF-~Ϗ~B signaling activation \[[@B100-ijms-21-04829]\].

The amounts of IL-1β and IL-18 are highly implicated in the development of insulin resistance, type 2 diabetes mellitus (T2DM) and obesity-associated inflammation. Harbis et al. \[[@B106-ijms-21-04829]\] used APOE2 KI mice that lacked the protein responsible for the clearance of the high triglyceride content in LDL particles. These animals were fed a high fat diet (HFD), which leads to an increase in pro-inflammatory cytokines, such as IL-1β and IL-18, both of which cause high levels of systemic inflammation and insulin resistance. It has been demonstrated that high levels of plasma triglycerides promote systemic inflammation, which leads to an increase in the risk of suffering from metabolic disorders.

Abderrazak et al. found that arglabin (a natural sesquiterpene lactone mainly found in its isolated form *Artemisia glabella* Kar. & Kir.), was an important and promising natural molecule that normalizes plasma glucose and insulin by inhibiting the NLRP3 inflammasome. They also used APOE2 KI mice on a HFD and showed high levels of inflammation, which leads to the development of T2DM. Subsequently, these mice were treated with arglabin, which evidenced the inhibition of NLRP3 and its downstream cytokines, and thus the plasma levels of inflammatory cytokines decreased as well as the insulin resistance of the tissues, while T2DM improved. In addition, arglabin helps to protect β-pancreatic cells from apoptosis through the inhibition of NLRP3. All of these findings were demonstrated by generating APOE2/NLRP3 KI mice which, similar to arglabin treatment, showed a reduction in plasma glucose and insulin resistance in mice on a HFD \[[@B96-ijms-21-04829]\]. Furthermore, it has been demonstrated that arglabin induces autophagy and it is thought that one of the ways in which NLRP3 is inhibited is by degrading it along with all of its components, such as pro-IL-1β, pro-caspase-1 and ASC. To conclude, NLRP3 can be seen as an important molecular target for treating T2DM \[[@B96-ijms-21-04829]\]. In the same way, Lalitha et al. found that myricetin, the main flavanol in Horsegram (*Macrotyloma uniflorum* (Lam.) Verdc.) seed coat, decreased in the liver of streptozotocin-induced diabetic male Wistar rats, the gene expression of NLRP3, ASC and caspase-1, leading to a reduction in blood glucose levels and in liver dipeptidyl peptidase-4 and antioxidant enzyme activities, as well as leading to an improvement in plasma insulin levels \[[@B101-ijms-21-04829]\]. Furthermore, other plant phenolic compounds exert similar effects: freeze-dried red raspberry powder enriched in polyphenols ameliorated levels of blood glucose, insulin resistance and glucose intolerance and the accumulation of hepatic lipids. It also suppressed the activation of NLRP3 inflammasome, caspase-1 and decreased the production of IL-1β and IL-18 in mice fed a high fat diet \[[@B102-ijms-21-04829]\].

Aside from the aim of searching for nutraceuticals to ameliorate the consequences of type 2 diabetes, it is important to consider one of the main complications of diabetes: diabetic nephropathy (DN), which can lead to cardiovascular disease. Given that inflammation plays an important role in the development of DN, the need for finding natural compounds to target NLRP3 is a must. In a recent study, the anti-inflammatory properties of two alkaloids were used in order to decrease the protein level of NLRP3 and the huge quantities of pro-inflammatory cytokines in order to prevent DN progression. Piperine is an alkaloid phenolic compound, which is the main bioactive component of pepper, and Cepharanthine is a natural alkaloid extracted from the plant *Stephanie cepharantha* "*hayata".* Abderrazak et al. \[[@B96-ijms-21-04829]\] administered these two compounds in a rat model of diabetes and the results of the compounds and their combination showed a decrease in the mRNA and protein levels of TXNIP and NLRP3 in renal tissues. They also decreased levels of oxidative stress and NF~Ϗ~β activation. As explained above, TXNIP is a negative regulator of TRX, which is increased by high glucose levels and causes oxidative stress and inflammation by its binding to NF~Ϗ~β and NLRP3. Therefore, the strategy of decreasing its levels is an excellent approach towards stopping the progression of inflammatory diseases such as type 2 diabetes. Another study found that piperine reduces blood glucose levels as well as improving the sensitivity of insulin intake in type 2 diabetes \[[@B107-ijms-21-04829]\]. In addition, given its capacity to increase the insulin-like growth factor-I (IGF-1), cepharanthine was shown to lower blood glucose and decrease insulin resistance \[[@B94-ijms-21-04829]\]. Similar results were found for ginsenoside Rg5, whereby the kidneys of high-fat diet/streptozotocin-induced diabetic mice were able to decrease the expression levels of NLRP3, ASC and caspase-1, IL-1β and IL-18 as well as the expression of NF-kB and P38 MAPK phosphorylation, thus improving renal injury through the reduction in inflammation \[[@B103-ijms-21-04829]\].

Scientists have proven that other nutraceuticals block DN, for instance curcumin. This is a highly pleiotropic molecule, which has antibacterial, anti-inflammatory, antioxidant, wound-healing, hypoglycemic and antimicrobial properties. It is isolated from the rhizome of *Curcuma longa* L. An experimental study discovered a high increase in the level of protein expression of NLRP3, caspase-1 and IL-1β in diabetic mice compared with their non-diabetic counterparts. After the administration of curcumin, the level of inflammation markers decreased. Additionally, this research was carried out in HEK-2 cells and the same result was observed. When HEK-2 cells were exposed to a high glucose concentration, levels of NLRP3, caspase-1 and IL-1β were greatly increased. However, when curcumin was added to the culture media, these levels were reduced. These results indicate the role of NLRP3 in the progression of DN and place NLRP3 inflammasome as a therapeutic target of the disease \[[@B95-ijms-21-04829]\]. Curcumin, as well as allopurinol, also down-regulated TXNIP and inhibited NLRP3 inflammasome activation in fructose-fed rat livers and fructose-exposed BRL-3 A and HepG2 cells \[[@B91-ijms-21-04829]\]. The same results were obtained when allopurinol was combined with quercetin in BRL-3A and human HepG2 exposed to high glucose, and in streptozotocin-induced diabetic rats. These nutraceutical compounds were able to inhibit the overexpression of TXNIP and the activation of NLRP3 inflammasome in order to decrease the levels of IL-1β and modulate the expression of proteins involved in lipid metabolism, contributing towards decreasing liver inflammation \[[@B105-ijms-21-04829]\].

Lastly, another common complication of diabetes is foot ulcers, characterized by high levels of inflammation. Nutraceutical compounds can also be a valid tool in preventing this pathological condition thanks to their antioxidant and anti-inflammatory properties, as demonstrated by genistein, which ameliorated the fasting glucose levels, promoted wound closure, restored NLRP3, ASC and caspase-1 expression and improved the markers of inflammation such as NFkB, TNFα COX~2~ and iNOS, in alloxan-induced diabetic mice \[[@B104-ijms-21-04829]\].

In conclusion, nutraceuticals represent a promising strategy for improving metabolic abnormalities, such as diabetes, thanks to their capacity to decrease inflammation by modulating NLRP3 inflammasome and its downstream pathways.

7. Nutraceutical Compounds, the NLRP3 Inflammasome and Neurological Diseases {#sec7-ijms-21-04829}
============================================================================

Many people suffer from depression and cases of it are on the rise. It has been reported that neuroinflammation is involved in depression. Changfu Cao et al. \[[@B108-ijms-21-04829]\] conducted a study in order to demonstrate these findings using a mouse model of chronic mild stress (CMS). As in depressive patients, the CMS mice showed a high level of pro-inflammatory cytokines, such as IL-1β and IL-18, in their hippocampi. In addition, the activation of NLRP3 is linked to clinical depression and can be ameliorated using antidepressant drugs \[[@B109-ijms-21-04829]\]. Therefore, the need arose to test a nutraceutical compound as an antidepressant treatment ([Table 3](#ijms-21-04829-t003){ref-type="table"}). The aforementioned research group measured levels of NLRP3 and ASC in mouse hippocampi and concluded that they were very high. However, when mice were treated with mangiferin, the levels of these molecules diminished as well as levels of pro-inflammatory cytokines. At that time, they tested the mice's depression in a variety of ways, and it was highly reduced \[[@B108-ijms-21-04829]\].

Apigenin, like mangiferin, can exert anti-inflammatory and neuroprotective actions upon depressive disorders. In a rat model of chronic unpredictable mild stress (CUMS), high levels of NLRP3 inflammasomes and caspase-1 were found, however when apigenin was used, these levels decreased. This inhibitory mechanism of the inflammatory process is partly due to the upregulation of PPARγ. In the promoter region of the NLRP3 and IL-1β genes, there is a PPARγ-binding-site; apigenin increases the expression level of PPARγ and thus it impairs the transcription of those inflammatory genes \[[@B110-ijms-21-04829]\].

Sepsis-associated encephalopathy (SAE) is a pathology characterized by organ failure, brain cell damage and disturbances in neurotransmission. It is associated with severe brain dysfunctions and sepsis due to a high inflammatory process. It has been reported that in the hippocampi of septic mice, levels of IL-1β and NLRP3 are highly expressed, however when resveratrol is used, these levels decrease. Sirtuin 1 (Sirt1) is known for being a protein that it is implicated in the clearance of ROS and participates in many biological processes, such as aging, oxidative stress and inflammation. Resveratrol may develop its role through the enhancement of Sirt1 expression. Sirt1 inhibits the nuclear translocation of the p65 subunit to the nucleus by the deacetylation of NF~Ϗ~β, and thus resveratrol inhibits the NLRP3 priming and its subsequent activation \[[@B111-ijms-21-04829]\].

Ischemic stroke is responsible for a high incidence of brain injury, in which inflammation is one of the mechanisms that leads brain cells to apoptosis and necrosis. Using a rat model of ischemic-reperfusion, high levels of IL-1β and IL-18 as well as NLRP3 expression were reported. In an ischemic stroke, oxidative stress is the main initiator and it has been shown that NLRP3 activation is achieved by means of a thioredoxin-interacting protein (TXNIP) (endogenous inhibitor of TRX), which is activated by oxidative stress. By administrating a plant-based natural antioxidant called Umbelliferone (UMB), which is a cumarin derivate, the levels of IL-1β, IL-18 and NLRP3 decrease. UMB decreases NLRP3 expression by two mechanisms---the reduction in TXNIP expression and the increase in PPAR levels \[[@B112-ijms-21-04829]\].

In recent years, cerebral infarction has become one of the main causes of death. It has recently been discovered that a high level of inflammation causes pathogenesis; therefore, targeting the inflammation process could be an important approach in decreasing the severity of brain damage. Sulforaphane, which belongs to the isocyanate group of organosulfur compounds (4-methylsulfonylbutyl isothiocyanate) and is found in cruciferous vegetables, such as Brussels sprouts, broccoli and cabbages, was used in order to decrease the brain's inflammation level after a cerebral stroke. It is a neuroprotective and anti-inflammatory compound, whose properties are exerted by its ability to inhibit the NLRP3 inflammasome and thus the production of pro-inflammatory cytokines, such as IL-1β and IL-18 \[[@B113-ijms-21-04829]\].

Cognitive impairments have been linked to cerebrovascular pathologies and cerebral ischemia is regarded as the main manifestation of circulatory diseases, since an ischemic stroke increases the risk of suffering a coronary heart disease and vice versa. NLRP3 inflammasome plays a crucial role in ischemic stroke and it has been found that it is increased in ischemic conditions \[[@B114-ijms-21-04829]\]. Astragaloside IV has been reported to attenuate NLRP3 and caspase-1 activation and decrease IL-1β and TNF-α release in a mouse model of ischemia and reperfusion. These results show the ability of astragaloside IV to improve neurological impairments after transient cerebral ischemia and reperfusion by its anti-inflammatory properties \[[@B115-ijms-21-04829]\]. Ruscogenin, a steroidal sapognin obtained from *Ophiopogon japonicus* (Thunb.) Ker Gawl., has been shown to have protective effects after ischemic stroke by inhibiting NLRP3, IL-1β, caspase-1 and TXNIP in vitro and in vivo \[[@B116-ijms-21-04829]\]. Sinomenine is an alkaloid with anti-inflammatory properties, which has been shown to bring about improvements in treatment for ischemic stroke in an experimental cerebral ischemia mouse model and OGD-treated cell model. It inhibits the activation of NLRP3, ASC and caspase-1 via the AMPK cellular pathway \[[@B117-ijms-21-04829]\]. Another nutraceutical that has been reported to protect against cerebral ischemia reperfusion in rats by inhibiting NLRP3 is arctigenin. Scientists have found a reduction in infarct volume, a decrease in brain water content and an improvement in neurological scores due to the inhibition of NLRP3 activation, which is SIRT1-dependent, and Il-1β and IL-18 release in vitro and in vivo \[[@B118-ijms-21-04829]\]. It has been reported that resveratrol ameliorates cerebral I/R injury and shows neuroprotective effects by inhibiting NLRP3 inflammasome activation through Sirt1-dependent autophagy activity. Resveratrol is an inducer of SIRT1 expression, and it carries out its function through a mechanism dependent on the activation of SIRT1. Resveratrol increases the expression of SIRT1, which continues with an increase in the autophagy pathway and then NLRP3 expression is suppressed. In addition, there was a decrease in the activation of caspase-1, Il-β and IL-18 \[[@B119-ijms-21-04829]\].

As mentioned above, one of the most common brain injuries worldwide is brain ischemia, which can lead to neuronal damage and cell death. The brain is an organ, which needs high supplementation, so an ischemia event causes neuronal death because of the high extrasynaptic glutamate release, causing brain neurotoxicity. It is thought that this release is responsible for the induction of ER stress, leading to inflammation. In response to ER stress, TRX allows TXNIP to interact with NLRP3, activating an inflammatory cascade where the maturation and secretion of IL-1β takes place. In brain tissues, it leads to neuronal cell death. Curcumin is widely known for its anti-inflammatory and neuroprotective properties. In a research project conducted on mice, their hippocampi were stimulated with glutamate in order to discover how curcumin acts to protect the brain \[[@B120-ijms-21-04829]\]. To recreate ischemic injury, mice hippocampi were deprived of oxygen and glucose and after that, high levels of glutamate and IL-1β were found. However, when they were treated with curcumin, there was a significant reduction in IL-1β and glutamate. Expressions of TXNIP and NLRP3 were also measured and a reduction was noted following the treatment. Using cells transfected with AMPKα1/2-specific siRNA, they found that the inhibitory action of curcumin on TXNIP and NLRP3 is dependent on the AMPK action. In summary, brain ischemia leads to the release of extrasynaptic glutamate that induces ER stress and TXNIP/NLRP3 activation. Curcumin suppresses ER-stress and downregulates TXNIP/NLRP3 with the regulation of AMPK activity \[[@B120-ijms-21-04829]\]. Similar results were found also for chrysophanol, a member of the anthraquinone family, extracted from plants of the Rheum genus, with well-known biological properties, such as anti-inflammatory activity. In male CD1 mice subjected to transient middle cerebral artery occlusion, it improved neurological deficits and tissue injury, ameliorating brain edema, infarct volume and decreased inflammasome, through the reduction in NALP3, ASC, caspase-1, and IL-1β expression \[[@B121-ijms-21-04829]\].

It has been demonstrated that inflammasomes play an important role in the development of many neurodegenerative diseases such as Alzheimer's disease (AD) and Parkinson's disease (PD). In AD, there exists an elevated level of inflammation called neuroinflammation, which activates microglia and astrocytes and the recruitment of immune cells. It contributes to the disease's progression and thus to neuronal loss \[[@B124-ijms-21-04829]\]. It has been reported that one of the factors that increases the generation and development of AD is high levels of glucocorticoids (stress hormone). Many studies have shown that high levels of plasma cortisol help the development of AD and its plasma levels are highly linked to the progression of dementia. Glucocorticoids (GCs) are widely known because they impair learning and memory, alter neuronal plasticity, produce atrophy in several brain areas, reduce hippocampal dendritic complexity and promote hippocampal cell death. Zhang et al. \[[@B122-ijms-21-04829]\] treated mice with 5 mg/kg dexamethasone (DEX) (a synthetic glucocorticoid) for 28 days to increase neuroinflammation and induce neurodegeneration through NLRP1 activation. Neuroinflammation is known as a cause of cognitive declaims during aging and in degenerative diseases such as AD. The use of Rg1, a ginsenoside that has neuroprotective effects, decreases the activation of NLRP1, in turn activated by chronic DEX exposure that causes hippocampal and neuronal damage. After 28 days of DEX exposure, they detected high expression levels of NLRP1, caspase-1 and 5, ASC, IL-1β and IL-18. However, when the mice were treated with Rg1 (2 and 4 mg/kg) there was a decrease in the expression of all of the aforementioned inflammatory markers. In addition, Rg1 increases the expression of the glucocorticoid receptors (GR) and thus, decreases the IL-1β and IL-18 levels. Using this natural molecule, an improvement in learning and memory was found, alleviating the cognitive dysfunction caused by GC. To conclude, Rg1 suppresses the neuroinflammation caused by GC exposure through the inhibition of NLRP1 and the increase in GR and thus improves cognitive function \[[@B122-ijms-21-04829]\]. Recently, it has been shown that astaxanthin and especially its acylated form with docosahexaenoic acid may be a possible therapeutic tool for AD, since their administration to APP/PSEN1 double-transgenic mice reduced oxidative stress, neuroinflammation and the expression of inflammasome proteins and thus decreased the cognitive disorders \[[@B123-ijms-21-04829]\].

8. Nutraceutical Compounds, the NLRP3 Inflammasome and Cancer {#sec8-ijms-21-04829}
=============================================================

Chronic inflammation has long been associated with various types of cancer and closely related to different stages of cancer development. During malignant transformation or cancer therapy, it has been hypothesized that inflammasomes become activated in response to danger signals produced by the tumors, or from therapy-induced damage to the tumor or healthy tissue being identified as a positive regulator of tumor cell proliferation and metastasis \[[@B125-ijms-21-04829]\]. Several researchers report the effects of nutraceuticals, mainly polyphenols, on cancer \[[@B126-ijms-21-04829]\], as well as the capacity of some flavonoids to suppress the NLRP3 inflammasome \[[@B127-ijms-21-04829]\] ([Table 4](#ijms-21-04829-t004){ref-type="table"}); however, studies regarding the relationship between nutraceuticals, NLRP3 inflammasome and cancer are still scarce.

Epigallocatechin-3-gallate (EGCG), the main polyphenolic found in green tea, has been demonstrated to possess anti-inflammatory, antioxidant, anti-mutagenic and anti-carcinogenic properties. EGCG inhibits various inflammatory enzymes and cytokines (iNOS, COX~2~, MMPs, IL-6, IL-8, IL-12 and TNFα), which are induced by secreted active IL-1β \[[@B128-ijms-21-04829],[@B129-ijms-21-04829]\]. It has been proposed that EGCG has an anti-tumor effect on human melanoma cells (HMC) due to its inhibitory effect on proliferation. EGCG suppresses NF-κB activity and reduces IL-1β secretion. The decreased IL-1β is associated with the downregulation of NLRP1, a component of the inflammasomes, and reduced caspase-1 activation \[[@B128-ijms-21-04829]\]. The authors demonstrated that the inhibitory effect of EGCG on tumor proliferation was abolished by silencing NLRP1, suggesting the role of inflammasomes in the tumor-inhibitory effect of EGCG in HMC. However, the researchers did not demonstrate NLRP3 inhibition, in contrast with a previous study that demonstrated the preventive effects of EGCG in lupus nephritis mice via NLRP3 inhibition \[[@B130-ijms-21-04829]\]. This discrepancy, according to the authors, could result from different cell types (renal cortex cells vs. melanoma cells) and the different doses of EGCG used. The mechanisms by which EGCG inhibits inflammasomes are not completely known. Previous studies have identified a 67-kDa laminin receptor as a cell surface receptor for EGCG \[[@B131-ijms-21-04829]\], which could be related to inflammasome downregulation.

Luteoloside (luteolin-7-O-glucoside; cynaroside), can be found in dandelion root coffee (*Taraxacum officinale* (L.) Weber ex F.H.Wigg.) and in artichoke (*Cynara scolymus* L.) \[[@B140-ijms-21-04829]\]. It has anti-inflammatory \[[@B141-ijms-21-04829]\], free radical scavenging \[[@B142-ijms-21-04829]\] and antibacterial properties \[[@B143-ijms-21-04829]\]. Resaerchers have reported that luteoloside suppresses hepatocellular carcinoma cells (HCC) through the inhibition of HCC migration and invasion and has the capacity to downregulate the expression level of NLRP3, caspase-1 and IL-1β, suppressing proliferation and metastasis of HCC \[[@B132-ijms-21-04829]\].

Curcumin is a natural polyphenol extracted from *Curcuma longa* L. rhizomes, well-known for its anti-tumor properties against a wide range of cancers, due to its relevant antioxidant, anti-inflammation and pro-apoptotic potential. In malignant mesothelioma cells, curcumin has been shown to downregulate the expression of genes related to inflammasomes, such as TLR, NF-κB and IL-1β, as well as to induce pyroptosis by activating caspases and promoting the release of High Mobility Group Box1 (HMGB1) \[[@B134-ijms-21-04829]\].

Berberine is a natural alkaloid extracted from many traditional Chinese herbs, with several biological activities, including anti-microbial, anti-inflammatory and anti-diabetic potential, as well as cerebrovascular and cardiovascular protection. Recently, Yao et al. found that in triple-negative MDA-MB-231 breast cancer cells, berberine was able to inhibit the pathway of NLRP3 inflammasome, by reducing the mRNA expression of NLRP3, caspase-1 and IL-1β and decreasing the protein expression of P2X7, NLRP3, pro-caspase-1 and ASC in a dose-dependent manner \[[@B135-ijms-21-04829]\].

Two other nutraceuticals isolated from Chinese herbs are promising candidates for counteracting cancer through the activation of the NLRP3 pathway. Indeed, in non-small-cell lung cancer, polyphyllin VI extracted from *Trillium tschonoskii* Maxim. \[[@B136-ijms-21-04829]\] and Huaier extract (a kind of fungus from *Trametes robiniophila* Murr. \[[@B137-ijms-21-04829]\]) were able to induce pyroptotic cell death through the activation of caspase -1 by increasing the levels of ROS, which in turn activated the NF-κB and the NLRP3 signal pathways, providing new insights into the relationship between nutraceuticals, inflammasomes and cancer. Similar results were recently reported for anthocyanin by Yue et al. \[[@B138-ijms-21-04829]\] in oral squamous carcinoma cells via anthocyanin-activated pyroptosis, leading to cell death, by increasing the gene and the protein expression of NLRP3, caspase-1 and IL-1β and, more interestingly, these results were abolished with the use of caspase-1 inhibitors.

Finally, in myeloid-derived suppressor cells, the omega-3 fatty acid DHA enhanced the efficacy of 5-fluoruracile, one of the most commonly used drugs in treating solid cancer by inhibiting the assembly of the NLRP3 and JNK pathways through the activation of β-arrestin-2, with a consequent decrease in IL-1β secretion \[[@B139-ijms-21-04829]\].

Isorhamnetin (3-methylquercetin) is an *O*-methylated flavanol from the class of flavonoids. Common food sources of this 3'-methoxylated derivative of quercetin and its glucoside conjugates are: pungent yellow or red onions; Mexican tarragon (*Tagetes lucida* Cav.), used as a spice, medicinal herb and hallucinogenic; and an efficient flavonoid compound isolated from sea buckthorn (*Hippophae rhamnoides* L.) \[[@B133-ijms-21-04829]\]. In addition to its known functions as a powerful antioxidant, the capacity of isorhamnetin to inhibit inflammasome activation was recently reported \[[@B46-ijms-21-04829]\]. In bone marrow-derived macrophages (BMDMs), isorhamnetin attenuated the secretion of IL-1β resulting from NLRP3, NLRC4, and AIM2 inflammasome activation without interrupting the cytokine transcription. Isorhamnetin selectively inhibited NLRP3 and AIM2 inflammasome activation and down-regulated the expression of pro-inflammatory cytokines.

Since chronic inflammatory responses are closely associated with various types of cancer and their stages of development, the action of the different nutraceuticals on inflammasomes could serve as a basis for studying the regulation of the different inflammasomes by these compounds and their possible involvement in regulating the effect of inflammasomes on cancer. Therefore, these results are promising when analyzing the possible relationship between the effect of nutraceuticals on NLRP3 and the capacity of NLRP3 as a regulator of tumor cell proliferation.

9. Conclusion and Perspectives {#sec9-ijms-21-04829}
==============================

Recent studies have uncovered a novel function of inflammasomes in protecting the organism through the activation of anti-inflammatory defense pathways. Abundantly expressed, inflammasomes appear as a precursor to the inflammatory response through activating the production of several cytokines. However, the pathological consequences that inflammatory processes may have beyond their defense and repair action have been related to different common diseases associated with a high level of inflammation where inflammasomes are activated. In this context, nutraceuticals have emerged as an alternative against those inflammatory processes that an excess in inflammatory response could cause. The proven anti-inflammatory properties of many of these compounds are one of the main action mechanisms by which they exert their regulatory or inhibitory action on inflammasomes, as well as their potent role against oxidative stress damage and the ability to improve cellular function by changing gene expression

Since inflammation, and particularly the mechanism of activation of inflammasomes, is closely involved in aging and important human diseases, such as degenerative, cardiovascular, neurological and metabolic disorders, and cancer, the regulatory action of certain nutraceuticals on the inflammasomes complex might provide new possibilities for the treatment of such diseases. As always, new findings often lead to new questions. For example, what is the direct role of the most common bioactive dietary compounds, and what is the regulation of the inflammation related to cardio-vascular, degenerative, neurological, metabolic disorders and cancer? Can nutraceuticals be used to treat inflammation-related diseases? And, if so, what would be the best approach: protein complex, cell, or nutrition? Future studies into these areas may offer novel and useful insights.
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![Cellular pattern recognition receptors (PRRs). Toll-like receptors (TLRs) are transmembrane receptors expressed in cellular and endosomal membranes, which are comprised of 10 members in human beings. They each recognize distinct pathogen-associated molecular patterns (PAMPS) derived from various microbial pathogens, such as viruses, fungi, bacteria and protozoa. TLRs are detected via the LRRdomain and a signal is sent through intracellular space via the TIR domain. Retinoic acid inducible gene-I (RIG1)-like receptors (RLRs) detect RNA and activate the helicase domain or the kinase domain. There are two intracellular detectors of DNA called DAI and AIM2. Nucleotide-binding-and-oligomerization-domain (NOD)-like receptors (NLRs) belong to a very large family of intracellular PRRs, whilst c-type lectin receptors (CLRs) belong to a large family of proteins, which play an essential role in antifungal immunity. Only a few CLRs function as PRRs, for instance Dectin-1 and MICL, by recognizing carbohydrate ligands from pathogens. Signals are transmitted through the N-terminal domain.](ijms-21-04829-g001){#ijms-21-04829-f001}

![Mechanisms of NLRP3 activation. There are two consecutive signals that are needed in order to have an activated inflammasome. The first is responsible for the activation of the NF~Ϗ~β pathway and upregulating inactive pro-inflammatory cytokines such as IL-1β and IL-18, as well as transcribing NLRP3 proteins. The second signal carries out the recruitment of apoptosis-associated speck-like protein (ASC) and pro-caspase-1 and the NLRP3 oligomerization. Then, the pro-inflammatory cytokines are activated and released into extracellular space. Within the NLRP3 ligands, extracellular ATP, K^+^ efflux and Ca^+2^ trigger the inflammasome through the Pannexin-1, P2 × 7 and TRMP2 receptors. Exogenous particulate matter destabilizes and damages lysosomes and thus, numerous inner enzymes such as cathepsin B are released into the cytoplasm and activate the NLRP3. High levels of Reactive Oxygen Species (ROS) cause the dissociation of TNXIP from thioredoxin (TRX) and binding to NLRP3.](ijms-21-04829-g002){#ijms-21-04829-f002}

![Structure of some of the most common polyphenolic compounds. They contain one or more benzene rings joined to hydroxyl groups.](ijms-21-04829-g003){#ijms-21-04829-f003}
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###### 

List of Nutraceutical Compounds targeting Inflammasomes in Cardiovascular Diseases.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Nutraceutical Compound                     Classification/Source                                                                     Overall Role in Inflammasomes   Experimental Model                                                                      Molecular Mechanism                                                                                                                             Ref.
  ------------------------------------------ ----------------------------------------------------------------------------------------- ------------------------------- --------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------
  Apigenin                                   Flavonoid/Citrus fruits, vegetables                                                       NLRP3, AIM2 inhibitor           -Human THP1 cells\                                                                      1\. Syk/Pyk2 pathway interruption\                                                                                                              \[[@B30-ijms-21-04829],[@B36-ijms-21-04829]\]
                                                                                                                                                                       -Mouse J774A.1 macrophage\                                                              2. Inhibits ERK1/2 and NF~Ϗ~β activation in macrophages\                                                                                        
                                                                                                                                                                       -HEK-293 cells                                                                          3. Inhibits oligomerization of ASC and interferes with its assembly in the cytoplasm\                                                           
                                                                                                                                                                                                                                                               4. No activation of caspase 1                                                                                                                   

  Parthenolide                               Sesquiterpene lactone/*Tanacetum parthenium* (L.) Sch. Bip.                               NLRP3, NALP1, NLRC4 inhibitor   -LPS-induced inflammation in NG5 cell line mouse bone marrow cells                      1\. Inhibits NF~Ϗ~β\                                                                                                                            \[[@B40-ijms-21-04829]\]
                                                                                                                                                                                                                                                               2. Inhibits oligomerization and ASC recruitments\                                                                                               
                                                                                                                                                                                                                                                               3. Inhibits NLRP3 and caspase 1                                                                                                                 

  Scropoloside B                             Iridoids glycosides/*Scrophularia dentata* Royle ex Benth.                                NLRP3 inhibitor                 -HEK293 cells\                                                                          1\. Inhibits NF~Ϗ~β\                                                                                                                            \[[@B32-ijms-21-04829]\]
                                                                                                                                                                       -Human THP1 cells                                                                       2. Decreases the expression of NLRP3 and Il-1β                                                                                                  

  Catapol                                    Iridoids glycosides/*Rehmannia glutinosa* (Gaertn.) Libosch. ex Fisch. & C.A. Mey         NLRP3 inhibitor                 -HEK293 cells\                                                                          1.Decreases the expression of NLRP3                                                                                                             \[[@B32-ijms-21-04829]\]
                                                                                                                                                                       -Human THP1 cells                                                                                                                                                                                                                       

  Rh1 and Rg3                                Ginsenoside/*Panax ginseng* C.A.Mey.                                                      NLRP3, AIM2 inhibitor           -LPS-induced inflammation in bone marrow-derived macrophages (BMDMs) and THP-1 cells\   1.Inhibits the NLRP3 and AIM2 expression\                                                                                                       \[[@B41-ijms-21-04829]\]
                                                                                                                                                                       -LPS-induced inflammation in Male C57BL/6 mice (8-week-old)                             2.Inhibits ASC pyroptosome formation\                                                                                                           
                                                                                                                                                                                                                                                               3.Inhibits caspase 1 activation and the secretion of IL-1                                                                                       

  DHA                                        ω-3FAs/Fish, Crustaceans, Molluscs, Eggs                                                  NLRP3, NLRPb1 inhibitor         -Mouse model\                                                                           1\. Decreases the expression of genes involved in the inflammatory pathways of NF~Ϗ~β\                                                          \[[@B33-ijms-21-04829]\]
                                                                                                                                                                       -Human THP1 cells                                                                       2. Inhibits the activation of caspase 1 and the release of IL-1β                                                                                

  PSPC                                       Flavonoid/Fruits, vegetables, leaves and grains                                           NLRP3 inhibitor                 -Male ICR mice\                                                                         1\. Suppress ROS level\                                                                                                                         \[[@B34-ijms-21-04829]\]
                                                                                                                                                                       -HUVECs                                                                                 2. Downregulation of pro-caspase1                                                                                                               

  Quercetin                                  Flavonoids/Fruits, vegetables, leaves, and grains                                         NLRP3, AIM2 inhibitor           -Vasculitis model in C57BL/6 mice                                                       1\. Impaired expression of caspase-1 and IL-1β\                                                                                                 \[[@B42-ijms-21-04829]\]
                                                                                                                                                                                                                                                               2. Prevention of ASC oligomerization                                                                                                            

  Puerarin and Troxerutin                    Isoflavone/Root of *Pueraria lobata* (Willd.) Ohwi Flavonoid*/Sophora japonica L.*        NLRP3 inhibitor                 -HUVECs cells                                                                           1\. Decreases NLPR3, Il-1B and casapase-1 levels                                                                                                \[[@B34-ijms-21-04829]\]

  Genipin                                    Iridoids glycosides/*Gardenia jasminoides* J.Ellis                                        NLRP3, NLRC4 inhibitor          -Mouse model\                                                                           1\. Inhibits NLRP3 and NLRC4 inflammasomes\                                                                                                     \[[@B43-ijms-21-04829]\]
                                                                                                                                                                       -BMDMs cells                                                                            2. Decreases Il-1β, caspase-1 and ASC protein levels                                                                                            

  Gypenoside                                 Triterpenoid saponin/*Gynostemma pentaphylla* (Thunb.) Makino                             NLRP3 inhibitor                 -H9C2 cells\                                                                            1\. Inhibits NLRP3 inflammasome\                                                                                                                \[[@B44-ijms-21-04829]\]
                                                                                                                                                                       -SD rats                                                                                2. Decreases Il-1β and IL-18 protein levels                                                                                                     

  Morroniside                                Iridoid glycoside/*Cornus officinalis* Siebold & Zucc.                                    NLRP3 inhibitor                 -SD rats                                                                                1\. Inhibits NLRP3\                                                                                                                             \[[@B45-ijms-21-04829]\]
                                                                                                                                                                                                                                                               2. Downregulation of ASC, caspase-3, Il-1β and IL-18                                                                                            

  Isorhamnetin and Hyperoside                Flavonoids/Water dropwort *Oenanthe javanica* (Blume) DC.                                 NLPR3, AIM-2 inhibitor          -Bone marrow-derived macrophages (BMDMs) form C57BL/6 mice\                             1.Decreases the of Il-1β, IL-18 and caspase-1 secretion                                                                                         \[[@B46-ijms-21-04829]\]
                                                                                                                                                                       -THP1 cells                                                                                                                                                                                                                             

  Resveratrol                                Stilbene (flavonoid)/Skin of grapes, blueberries, raspberries, cmulberries and red wine   NLRP3 inhibitor                 -J774A.1 cells\                                                                         1\. Decreases the secretion of Il-1β\                                                                                                           \[[@B47-ijms-21-04829]\]\
                                                                                                                                                                       -Raw 264.7 cells\                                                                       2. Decreases the ACS and NLRP3 proteins\                                                                                                        \[[@B48-ijms-21-04829]\]\
                                                                                                                                                                       -Sprague--Dawley rat                                                                    1. Suppresses NF~Ϗ~β and inhibits NLRP3\                                                                                                        \[[@B49-ijms-21-04829]\]
                                                                                                                                                                                                                                                               1.Supresses IL-1β and IL-18\                                                                                                                    
                                                                                                                                                                                                                                                               2.Decreases NLRP3 and caspase-1 expression                                                                                                      

  Curcumin                                   Polyphenol/*Curcuma longa* L. roots                                                       NLRP3 inhibitor                 -THP1 cells\                                                                            1\. Decreases NLRP3 expression and Il-1β and caspase 1 secretion through the inhibition of TLR4/MyD88/ NF~Ϗ~β signalling and P2X7R expression   \[[@B50-ijms-21-04829]\]
                                                                                                                                                                       -PMA-induced macrophages                                                                                                                                                                                                                

  Thonningianin A                            Polyphenol/*Penthorum chinense* Pursh                                                     NLRP3 inhibitor                 -ApoE-KO mice                                                                           1\. Decreases NLRP3 and Il-1β expression                                                                                                        \[[@B51-ijms-21-04829]\]

  Salvianolato                               Polyphenol/*Salvia miltiorrhiza* Bunge                                                    NLRP3 inhibitor                 -SPF Sprague-Dawley rats                                                                1\. Decreases NLRP3, pro-caspase1, caspase-1, Il-1β, IL-18 and TXNIP expression                                                                 \[[@B52-ijms-21-04829]\]

  Ilexgenin A                                Triterpenoid/*Ilex hainanensis* Merr.                                                     NLRP3 inhibitor                 -EA.hy-926 cells\                                                                       1\. Decreases the TXNIP/NLRP3 activation under ER stress condition                                                                              \[[@B53-ijms-21-04829]\]
                                                                                                                                                                       -Primary rat vascular endothelial cells (VECs)                                                                                                                                                                                          

  Tanshinone IIA and sodium tanshinone IIA   Diterpenoid/*Salvia miltiorrhiza* Bunge                                                   NLRP3 inhibitor                 -RAW264.7 macrophages\                                                                  1\. Decreases IL-1β levels\                                                                                                                     \[[@B54-ijms-21-04829]\]\
                                                                                                                                                                       -Beagle dogs                                                                            1. Inhibits the generation of ROS and TXNIP\                                                                                                    \[[@B55-ijms-21-04829]\]
                                                                                                                                                                                                                                                               2. Decreases the NLRP3 activation and the secretion of IL1-β and IL-18                                                                          

  Dihydromyricetin                           Flavonoid/*Ampelopsis grossedentata* (Hand.-Mazz.) W.T.Wang                               NLRP3 inhibitor                 -HUVECs                                                                                 1\. Attenuates NLRP3 inflammasome                                                                                                               \[[@B56-ijms-21-04829]\]

  Luteolin                                   Flavonoid/*Reseda luteola* L.                                                             NLRP3 inhibitor                 -RAW264.7 cells                                                                         1\. Inhibits NLRP3 inflammasome\                                                                                                                \[[@B57-ijms-21-04829]\]
                                                                                                                                                                                                                                                               2. Decreases TNF-α and IL-6 levels                                                                                                              

  Colchicine                                 Alkaloid/*Colchicum autumnale* L.                                                         NLRP3 inhibitor                 -ACS patients                                                                           1\. Suppresses NLRP3 inflammasome\                                                                                                              \[[@B58-ijms-21-04829]\]
                                                                                                                                                                                                                                                               2. Decreases Il-1β, IL-6 and IL-18 levels                                                                                                       

  Triptolide                                 Diterpenoid/*Tripterygiumwilfordii* Hook F.                                               NLRP3 inhibitor                 -C57/BL6 mice                                                                           1\. Inhibits the NLRP3 inflammasome\                                                                                                            \[[@B59-ijms-21-04829]\]
                                                                                                                                                                                                                                                               2. Inhibits IL-1β, IL-18, MCP-1 and VCAM-1 release                                                                                              

  Total flavones                             Flavonoids/*Abelmoschus manihot* (L.) Medic                                               NLRP3 inhibitor                 -I/R Rats                                                                               1\. Inhibits NLRP3 inflammasome\                                                                                                                \[[@B60-ijms-21-04829]\]
                                                                                                                                                                                                                                                               2. Decreases the IL-1β, IL-6 and TNF-α levels                                                                                                   

  Umbelliferone                              Phenolic coumarin/*Rutaceae* and *Umbelliferae*                                           NLRP3 inhibitor                 -Sprague-Dawley rats                                                                    1\. Inhibits the NLRP3 inflammasome and IL-6 and TNF-α levels                                                                                   \[[@B61-ijms-21-04829]\]
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BMDMs: Bone marrow-derived macrophages; ASC patients: acute coronary syndromes patients; HUVECs: Human umbilical vein endothelial cells; PSPC: Purple sweet potato color; SD: Sprague-Dawley; NF~Ϗ~β Nuclear factor ~Ϗ~β; ROS: reactive oxygen species.

ijms-21-04829-t002_Table 2

###### 

List of Nutraceutical Compounds targeting Inflammasomes in Type 2 Diabetes.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Nutraceutical Compound               Classification/Source                                                                         Overall Role in Inflammasomes   Experimental Model                                                                               Molecular Mechanism                                                                   Ref.
  ------------------------------------ --------------------------------------------------------------------------------------------- ------------------------------- ------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------- ---------------------------
  Ginsenoside Rb1 and Ginsenoside CK   Triterpene saponins/*Panax ginseng* C.A.Mey. root                                             NLRP3 inhibitor                 -3T3-L1 adipocyte cells\                                                                         1\. Inhibits NLRP3 inflammasome\                                                      \[[@B92-ijms-21-04829]\]
                                                                                                                                                                     -Mouse model                                                                                     2. Attenuation of TXNIP expression\                                                   
                                                                                                                                                                                                                                                                      3. Reduction in IL-1β expression\                                                     
                                                                                                                                                                                                                                                                      4. Reduction in IRS-1 phosphorylation and PI3K and AKT activation                     

  γ-Tocotrienol                        Isomers unsaturated Vitamin E/Fruits, vegetables, nuts, meats, cooking oils and some grains   NLRP3 inhibitor                 -Mouse model of type 2 diabetes                                                                  1\. Inhibits NF~Ϗ~β\                                                                  \[[@B93-ijms-21-04829]\]
                                                                                                                                                                                                                                                                      2. Inhibits NLRP3 activation                                                          

  DHA                                  Omega 3 Fatty acids (ω-3FAs)/Animal and plant origin                                          NLRP3, NLRP1b inhibitor         -Human THP1 cells\                                                                               1\. Decreases the expression of genes involved in the NF~Ϗ~β inflammatory pathways\   \[[@B33-ijms-21-04829]\]
                                                                                                                                                                     -Mouse model                                                                                     2. Inhibits caspase1 activation and thus inhibits IL-1β release                       

  PiperineCepharanthine                Alkaloid/Black pepper/*Stephania cepharantha "*Hayata*"*                                      NLRP3 inhibitor                 -Diabetic nephropathy model in adult male (SD rats)                                              1\. Decreases the levels of oxidative stress and activation of NFKβ\                  \[[@B94-ijms-21-04829]\]
                                                                                                                                                                                                                                                                      2. Decreases levels of TXNIP and NLRP3 mRNA and proteins in kidney tissues\           
                                                                                                                                                                                                                                                                      3. Increase insulin-like growth factor-I (IGF-1)                                      

  Curcumin                             Flavonoid/*Curcuma longa* L.                                                                  NLRP3 inhibitor                 -C57BL/KsJ db/db (diabetic) mice model HK-2 cells                                                1\. Decreases the NLRP3 i, capase1 and IL-1B expression                               \[[@B95-ijms-21-04829]\]

  Arglabin                             Sesquiterpene lactone/*Artemisia glabella* Kar. & Kir.                                        NLRP3 inhibitor                 -INS-1 cells\                                                                                    1\. Degrading NLRP3 and pro-IL-1β, pro-caspase 1 and ASC                              \[[@B96-ijms-21-04829]\]
                                                                                                                                                                     -ApoE2Ki mice                                                                                                                                                                          

  Resveratrol                          Stilbene/Skin of grapes, blueberries, raspberries and mulberries                              NLRP3 inhibitor                 -3T3-L1 adipocytes\                                                                              1\. Decreases TXNIP levels and inhibits cleavage caspase-1 induction\                 \[[@B97-ijms-21-04829]\]
                                                                                                                                                                     -Streptozotocin-induced diabetic mice (ICR male mice)                                            2. Reduced release of IL-1β                                                           

  Vitamin D3                           Cholecalciferol/Fish, beef, cheese, egg yolk                                                  NLRP3 inhibitor                 -HRMECs\                                                                                         1\. Decreases the TXNIP levels\                                                       \[[@B98-ijms-21-04829]\]
                                                                                                                                                                     -Streptozotocin-induced SD rats                                                                  2. Decreases NLRP3 activation                                                         

  Mangiferin                           Naturally occurring glucosylxanthone/Mango                                                    NLRP3 inhibitor                 -Perivascular adipose tissue isolated from male SD rats and from high-fat diet feeding in mice   1\. Decreased levels of TXNIP and inhibition of cleaved caspase-1induction\           \[[@B99-ijms-21-04829]\]
                                                                                                                                                                                                                                                                      2. Reduced release of IL-1β                                                           

  Salvianolic acid A                   Propanoic acid/*Salvia miltiorrhiza* Bunge                                                    NLRP3 inhibitor                 -Male Zucker diabetic fatty rats                                                                 1\. Inhibits NF~Ϗ~β\                                                                  \[[@B100-ijms-21-04829]\]
                                                                                                                                                                                                                                                                      2. Inhibits NLRP3 activation                                                          

  Myricetin                            Flavonoid/Horsegram seed coat (*Macrotyloma uniflorum* (Lam.) Verdc.)                         NLRP3 inhibitor                 -Streptozotocin-induced diabetic male Wistar rats                                                1\. Decreases the expression of NLRP3, ASC and Caspase-1                              \[[@B101-ijms-21-04829]\]

  Polyphenols                          Polyphenol/Freeze-dried red raspberry                                                         NLRP3 inhibitor                 -High-fat diet feeding C57BL/6 mice                                                              1\. Decreases NLRP3 and caspase-1 levels\                                             \[[@B102-ijms-21-04829]\]
                                                                                                                                                                                                                                                                      2. Decreases IL-1β and IL-18 production                                               

  Ginsenoside Rg5                      Ginsenoside/*Panax ginseng* C.A.Mey.                                                          NLRP3 inhibitor                 -High-fat diet/streptozotocin-induced diabetic mice (C57BL/6 mice)                               1\. Decreases the expression of NLRP3, ASC and Caspase-1\                             \[[@B103-ijms-21-04829]\]
                                                                                                                                                                                                                                                                      2. Decreases the expression of IL-1β and IL-18\                                       
                                                                                                                                                                                                                                                                      3. Decreases of NF~Ϗ~β and P38 MAPK phosphorylation                                   

  Genistein                            Isoflavone/Legumes                                                                            NLRP3 activator                 -Alloxan-induced diabetic ICR mice                                                               1\. Restored expression levels of NLRP3, ASC and Caspase-1\                           \[[@B104-ijms-21-04829]\]
                                                                                                                                                                                                                                                                      2. Improves the levels of NF-~Ϗ~β, NF~Ϗ~β, TNFα COX~2~ and iNOS                       

  Curcumin+Allopurinol                 Flavonoid/*Curcuma longa* L.                                                                  NLRP3 inhibitor                 -BRL-3A cells and\                                                                               1\. Decreases overexpression of TXNIP via up-regulating miR-200a                      \[[@B91-ijms-21-04829]\]
                                                                                                                                                                     -Human HepG2 cells exposed to high fructose\                                                                                                                                           
                                                                                                                                                                     -Fructose-fed rat (Male SD rats)                                                                                                                                                       

  Quercetin+Allopurinol                Flavonoid/Found in many fruits, vegetables, leaves and grains                                 NLRP3 inhibitor                 -BRL-3A and\                                                                                     1\. Decreases overexpression of TXNIP\                                                \[[@B105-ijms-21-04829]\]
                                                                                                                                                                     -Human HepG2 exposed to high glucose\                                                            2. Reduces expression of IL-1β\                                                       
                                                                                                                                                                     -Streptozotocin-induced diabetic rats (Male SD rats)                                             3. Modulates the expression of proteins involved in lipid metabolism                  
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Glc: β-D-glucopyranosyl; DHA: docohexanoic acid; Compound K: Ginsenoside CK; HRMECs: Human retinal microvascular endothelial cells; SD: Sprague-Dawley; NF~Ϗ~β: Nuclear factor-~Ϗ~β. NF~Ϗ~β
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###### 

List of Nutraceutical Compounds targeting Inflammasomes in Neurodegenerative Diseases.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Nutraceutical Compound   Classification/Source                                                                             Overall Role in Inflammasomes   Experimental Model                                                 Molecular Mechanism                                                                 Ref.
  ------------------------ ------------------------------------------------------------------------------------------------- ------------------------------- ------------------------------------------------------------------ ----------------------------------------------------------------------------------- ---------------------------
  Magniferin               Poliphenol of C-glucosylxanthone/*Mangifera indica* L. (Mango tree)                               NLRP3 inhibitor                 -CMS in mice                                                       1\. Inhibits hippocampal NLRP3 inflammasome\                                        \[[@B108-ijms-21-04829]\]
                                                                                                                                                                                                                                2. Inhibits caspase-1/Il-1β axis\                                                   
                                                                                                                                                                                                                                3. Decreases the ASC expression\                                                    
                                                                                                                                                                                                                                4. Decreases the Il-18 production                                                   

  Apigenin                 Flavone/Citrus fruits, vegetables                                                                 NLRP3 inhibitor                 -Rat model of chronic unpredictable mild stress (CUMS)             1\. Increases the expression levels of PPARγ\                                       \[[@B110-ijms-21-04829]\]
                                                                                                                                                                                                                                2. Decreases the NLPR3, Il-1B and casapase-1 levels                                 

  Resveratrol              Stilbene/Skin of grapes, blueberries, raspberries and mulberries                                  NLRP3 inhibitor                 -C57BL/6 mouse model\                                              1\. Decreases the NLRP3 generation via activation of SIRT1\                         \[[@B111-ijms-21-04829]\]
                                                                                                                                                             -Mouse BV2 cells\                                                  2. Downregulates the level of IL-1β and IL-18\                                      
                                                                                                                                                             -MCAO-injury rats                                                  3. Decreases the NF~Ϗ~β levels                                                      

  Umbelliferone            7-hydroxycoumarin/Plants: *Rutaceae* and *Apiaceae* families Carrot, coriander, garden angelica   NLRP3 inhibitor                 -Rat model of ischemic reperfusion (SD rats)                       1\. Decreases the TXNIP expression\                                                 \[[@B112-ijms-21-04829]\]
                                                                                                                                                                                                                                2. Increases the PPARγ levels\                                                      
                                                                                                                                                                                                                                3. Inhibits NLRP3 inflammasome                                                      

  Sulphoraphane            Isothiocyanate/Broccoli, Brussels sprouts, cabbages                                               NLRP3 inhibitor                 -Brain ischemia/reperfusion injury model in adult male (SD rats)   1\. Suppresses I/R-induced NLRP3 inflammasome expression\                           \[[@B113-ijms-21-04829]\]
                                                                                                                                                                                                                                2. Downregulation of cleaved caspase-1\                                             
                                                                                                                                                                                                                                3. Reducing IL-1β and IL-18 expression                                              

  Curcumin                 Pigment from tumeric*/Curcuma longa* L.                                                           NLRP3 inhibitor                 -INS-1 cells\                                                      1\. Inhibits hippocampal NLRP3 inflammasome\                                        \[[@B120-ijms-21-04829]\]
                                                                                                                                                             -ApoE2Ki mice                                                      2. Downregulates TXNIP/NLRP3 with the regulation of AMPK activity                   

  Rg1                      Ginsenoside/*Panax ginseng* C.A. Mey *Panax japonicus* (T.Nees) C.A. Mey.                         NLRP1 inhibitor                 -ICR mice                                                          1\. Reduces expression levels of NLRP1, caspase 1 and 5, ASC and IL-1β and IL-18\   \[[@B122-ijms-21-04829]\]
                                                                                                                                                                                                                                2. Increases expression of the glucocorticoid receptors                             

  Astragaloside-IV         *Astragalus membranaceus* (Fisch.) Bunge                                                          NLRP3 inhibitor                 -ICR mice                                                          1\. Attenuates NLRP3\                                                               \[[@B115-ijms-21-04829]\]
                                                                                                                                                                                                                                2. Decreases IL-1β and TNF-α levels\                                                
                                                                                                                                                                                                                                3. Decreases NF~Ϗ~β translation                                                     

  Ruscogenin               Steroidal sapognin*/Ophiopogon japonicus* (Thunb.) Ker Gawl                                       NLRP3 inhibitor                 -bEnd.3 cells-C57BL/6J mice                                        1\. Inhibits NLRP3, IL-1β, caspase-1 and TXNIP expression                           \[[@B116-ijms-21-04829]\]

  Sinomenine               Alkaloid*/Sinomenium acutum* (Thunb.) Rehder & E.H.Wilson                                         NLRP3 inhibitor                 -MCAO mice model\                                                  1\. Inhibits the NLRP3 via AMPK pathway\                                            \[[@B117-ijms-21-04829]\]
                                                                                                                                                             -OGD cell model (Primary mixed glial cells)                        2. Inhibits ASC and caspase-1                                                       

  Arctigenin               *Lignan/Arctium lappa* L.                                                                         NLRP3 inhibitor                 -MCAO-injury rats\                                                 1\. Decreases the NLRP3 generation via activation of SIRT1\                         \[[@B118-ijms-21-04829]\]
                                                                                                                                                             -OGD-injury EX527 cells                                            2. Downregulates the level of IL-1β and IL-18                                       

  Asthaxantin              Carotenoid/marine organisms, such as crab, salmon, shrimp, krill and microalgae                   NLRP3 inhibitor                 -PSEN1(APP/PS1) double-transgenic mice                             1\. Decreases the ASC expression\                                                   \[[@B123-ijms-21-04829]\]
                                                                                                                                                                                                                                2. Reduces the IL-1β and TNF-α levels                                               

  Chrysophano              Anthraquinone/Rheum genus                                                                         NLRP3 inhibitor                 -MCAO Male CD1 mice                                                1\. Decreases the NLRP3 and ASC expression\                                         \[[@B121-ijms-21-04829]\]
                                                                                                                                                                                                                                2. Reduces the IL-1β and caspase 1 expression                                       
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PPARγ: peroxisome proliferator-activated receptors γ; Sirt1: Sirtuin1; TXNIP: thioredoxin-interacting protein; CMS: chronic mild stress; SD: Sprague-Dawley; NF~Ϗ~β: Nuclear factor-~Ϗ~β MCAO: middle cerebral artery occlusion; OGD: Oxygen glucose deprivation.
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###### 

List of Nutraceutical Compounds targeting Inflammasomes in Cancer.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Nutraceutical Compound   Classification/Source                                                     Overall Role in Inflammasomes   Experimental Model                                 Molecular Mechanism                                                                                  Ref.
  ------------------------ ------------------------------------------------------------------------- ------------------------------- -------------------------------------------------- ---------------------------------------------------------------------------------------------------- ---------------------------
  ECGC                     Phenol/Green tea                                                          NLRP3 inhibitor                 -HMC                                               1\. Inhibitory effect on proliferation\                                                              \[[@B128-ijms-21-04829]\]
                                                                                                                                                                                        2. Suppresses NF~Ϗ~β activity\                                                                       
                                                                                                                                                                                        3. Decreases IL-1β secretion\                                                                        
                                                                                                                                                                                        4. Decreases caspase-1 activation                                                                    

  Luteoloside              *Taraxacum officinale* (L.) Weber ex F.H.Wigg. and *Cynara scolymus* L.   NLRP3 inhibitor                 -HCC                                               1\. Inhibition of cell migration and invasion\                                                       \[[@B132-ijms-21-04829]\]
                                                                                                                                                                                        2. Suppresses proliferation and metastasis\                                                          
                                                                                                                                                                                        3. Downregulates the expression level of caspase 1 and IL-1β                                         

  Isorhamnetin             Flavonoid/*Hippophae rhamnoides* L.                                       NLRP3, AIM2 inhibitor           -BMDMs                                             1\. Downregulates the expression of pro-inflammatory cytokines\                                      \[[@B133-ijms-21-04829]\]
                                                                                                                                                                                        2. Attenuates the secretion of IL-1β resulting from NLRP3, NLRC4, and AIM2 inflammasome activation   

  Curcumin                 Polyphenol/*Curcuma longa* L.                                             NLRP3 activator                 -Malignant mesothelioma cells                      1\. Activates NLRP3 inflammasome\                                                                    \[[@B134-ijms-21-04829]\]
                                                                                                                                                                                        2. Activates the expression of caspase-1\                                                            
                                                                                                                                                                                        3. Attenuates the expression of NF~Ϗ~β, TLR and IL-1β                                                

  Berberine                Alkaloid/Chinese herbs                                                    NLRP3                           -Triple-negative breast MDA-MB-231 cancer cells    1\. Reduces pro-caspase-1, caspase-1, IL-1β, P2X7 and ASC expression                                 \[[@B135-ijms-21-04829]\]

  Polyphyllin VI           Saponin/*Trillium tschonoskii* Maxim.                                     NLRP3 activator                 -Non-Small-Cell Lung A549 and H1299 cancer cells   1\. Activation of caspase-1 via the induction of the ROS/NF~Ϗ~β /NLRP3/GSDMD signal axis\            \[[@B136-ijms-21-04829]\]
                                                                                                                                                                                        2. Upregulates NLRP3 inflammasome                                                                    

  Huaier extract           A kind of fungus/*Trametes robiniophila* Murr.                            NLRP3 activator                 -Non-Small-Cell Lung H520 -H358 cancer cells       1\. Upregulates NLRP3\                                                                               \[[@B137-ijms-21-04829]\]
                                                                                                                                                                                        2. Activation of caspase-1, IL-1β, and IL-18                                                         

  Anthocyanins             Natural pigment widely found in colored plants                            NLRP3 activator                 -Oral squamous HaCaT, Tca8113\                     1\. Upregulates NLRP3\                                                                               \[[@B138-ijms-21-04829]\]
                                                                                                                                     -SCC15 cancer cells                                2. Activation of caspase-1 and IL-1β                                                                 

  DHA                      ω-3FAs/Fish, Crustaceans, Molluscs, Eggs                                  NLRP3                           -Myeloid-derived suppressor cells                  1\. Reduction in IL-1β secretion, inhibition of JNK pathway through β-arrestin-2 activation          \[[@B139-ijms-21-04829]\]
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

HMC: Human melanoma cells; EGCG: Epigallocatechin-3-gallate; HCC: Hepatocellular carcinoma cells; BMDMs: Bone marrow-derived macrophages; NF~Ϗ~β: Nuclear factor-~Ϗ~β.
